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VENOUS VALVE, SYSTEM, AND METHOD 
WITH SINUS POCKET 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. application Ser. 
No. 127509,604, filed on Jul. 27, 2009, which is a continuation 
of U.S. application Ser. No. 1 1/232,403, filed on Sep. 21, 
2005, now U.S. Pat. No. 7,569,071, the entire contents of each 
hereby incorporated by reference. 

FIELD OF THE DISCLOSURE 

The present disclosure relates to vascular medical devices, 
systems and methods; and more particularly to venous valves 
including a venous valve frame, and methods for forming and 
using the venous valve frame. 

BACKGROUND OF THE DISCLOSURE 

The venous system of the legs uses valves and muscles as 
part of the body's pumping mechanism to return blood to the 
heart. Venous valves create one way flow to prevent blood 
from flowing away from the heart. When valves fail, blood 
can pool in the lower legs resulting in Swelling and ulcers of 
the leg. The absence of functioning venous valves can lead to 
chronic venous insufficiency. 

Techniques for both repairing and replacing the valves 
exist, but are tedious and require invasive Surgical procedures. 
Direct and indirect valvuloplasty procedures are used to repair 
damaged valves. Transposition and transplantation are used 
to replace an incompetent valve. Transposition involves mov 
ing a vein with an incompetent valve to a site with a compe 
tent valve. Transplantation replaces an incompetent valve 
with a harvested valve from another venous site. 

Prosthetic valves can be transplanted into the venous sys 
tem, but current devices are not successful enough to see 
widespread usage. One reason for this is the very high per 
centage of prosthetic valves reported with leaflet functional 
failures. These failures have been blamed primarily on 
improper sizing and tilted deployment of the prosthetic valve. 
In addition, a great number of leaflets of the prosthetic valves 
ultimately become fused to the vein wall. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1A and 1B illustrate an embodiment of a venous 
valve according to the present disclosure. 

FIGS. 2A and 2B illustrate an end view of embodiments of 
a venous valve according to the present disclosure. 

FIGS. 3A-3E illustrate embodiments of valve frame con 
figurations according to the present disclosure. 

FIG. 4 illustrates an embodiment of a system that includes 
a valve according to the present disclosure. 

FIG. 5 illustrates an embodiment of a system that includes 
a valve according to the present disclosure. 

FIGS. 6A, 6B and 6C illustrate an embodiment of a system 
that includes a valve according to the present disclosure. 

FIGS. 7A,7B and 7C illustrate an embodiment of a system 
that includes a valve according to the present disclosure. 

FIGS. 8A, 8B and 8C illustrate an embodiment of a system 
that includes a valve and a catheter having radiopaque mark 
ers according to the present disclosure. 

DETAILED DESCRIPTION 

Embodiments of the present disclosure are directed to vas 
cular medical devices, systems and methods for valve 
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2 
replacement and/or augmentation. Particularly, the present 
disclosure provides venous valve frames, venous valves that 
utilize the venous valve frames, and methods for forming and 
using the venous valve frame and the venous valve. Various 
embodiments of the present disclosure can be used to replace 
and/or augment an incompetent valve in a body lumen. 

Embodiments of the venous valve include a venous valve 
frame and valve leaflets that can be implanted through mini 
mally-invasive techniques into the body lumen. In one 
example, embodiments of the apparatus, System, and method 
for valve replacement or augmentation may help to maintain 
antegrade blood flow, while decreasing retrograde blood flow 
in a venous system of individuals having venous insuffi 
ciency, such as venous insufficiency in the legs. Use of valve 
embodiments can also be possible in other portions of the 
vasculature. 
The figures herein follow a numbering convention in which 

the first digit or digits correspond to the drawing figure num 
ber and the remaining digits identify an element or compo 
nent in the drawing. Similar elements or components between 
different figures may be identified by the use of similar digits. 
For example, 110 may reference element “10 in FIG. 1, and 
a similar element may be referenced as 210 in FIG. 2. As will 
be appreciated, elements shown in the various embodiments 
herein can be added, exchanged, and/or eliminated so as to 
provide a number of additional embodiments of valve. In 
addition, discussion of features and/or attributes for an ele 
ment with respect to one Fig. can also apply to the element 
shown in one or more additional Figs. Embodiments illus 
trated in the figures are not necessarily to Scale. 

FIGS. 1A and 1B provide illustrations of various embodi 
ments of a venous valve 100 of the present disclosure. The 
venous valve 100 can be implanted within the fluid passage 
way of a body lumen, Such as for replacement and/or aug 
mentation of a valve structure within the body lumen (e.g., a 
venous valve). In one embodiment, the venous valve 100 of 
the present disclosure may be beneficial to regulate the flow 
of a bodily fluid through the body lumen in a single direction. 

FIGS. 1A and 1B illustrate one embodiment of the venous 
valve 100. Venous valve 100 includes a venous valve frame 
102 and valve leaflets 104. In one embodiment, the valve 
frame 102 and the valve leaflets 104 of the venous valve 100 
can resiliently radially collapse and expand, as will be 
described herein. Among other things, the valve frame 102 
and the valve leaflets 104 define a lumen 106 of the venous 
valve 100. The lumen 106 allows for, amongst other things, 
fluid (e.g., blood) to move through the venous valve 100. 
The valve frame 102 includes a first end 108 and a second 

end 110 opposite the first end 108. The first end 108 and the 
second end 110 define a length of the valve frame 102 and of 
the venous valve 100. In one embodiment, the length of 
venous valve 100 can have a number of values. As will be 
appreciated, the length of venous valve 100 can be deter 
mined based upon the location into which the venous valve 
100 is to be implanted. In other words, the length of the 
venous valve 100 can be patient specific. Examples of values 
for the length include, but are not limited to, 20 millimeters to 
80 millimeters. Other values are also possible. 
The valve frame 102 can be formed in a wide variety of 

configurations. For example, the valve frame 102 can include 
a first structural member 112 and a second structural member 
114 that together form a unitary structure with an open frame 
configuration. In one embodiment, the first structural member 
112 defines an elongate base portion 116 that extends 
between the first end 108 and the second end 110 of the valve 
frame 102. As illustrated, the first structural member 112 
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defines openings through the valve frame 102 to provide at 
least a portion of the open frame configuration. 

In addition, the first structural member 112 also defines a 
first perimeter value for the elongate base portion 116. In one 
embodiment, the first perimeter value can be essentially con 
stant for the length of the valve frame 102. In other words, the 
outer limit of the area defined by the elongate base portion 
116 remains essentially constant along the length of the valve 
frame 102. For example, an outer surface 118 of the first 
structural member 112 can define a circular cross-sectional 
area for the elongate base portion 116. As will be appreciated, 
other cross-sectional shapes are also possible, including but 
not limited to oval or elliptical. 

In an alternative embodiment, the perimeter value changes 
along the length of the valve frame 102. For example, the 
outer surface 118 of the first structural member 112 can 
change from a first cross-sectional area having a first value for 
the elongate base portion 116 adjacent the first end 108 and 
the second end 110 to a second cross-sectional area having a 
second value larger than the first value. In one embodiment, 
the second cross-sectional area of the outer surface 118 of the 
first structural member 112 can, in conjunction with the sec 
ond structural member 114 provide for a circular or round 
cross-sectional shape. Other cross-sectional shapes are also 
possible. 

In an additional embodiment, the second structural mem 
ber 114 helps to define a bulbous portion 120 of the valve 
frame 102. As illustrated, the second structural member 114 
extends radially and longitudinally from the outer surface 118 
of an area 122 defined by the first structural member 112 to 
form the bulbous portion 120. In one embodiment, the second 
structural member 114 helps to define a second perimeter 
value for the bulbous portion 120, where second perimeter 
value can be is greater than the first perimeter value. 
As illustrated, the outer surface 118 of the first and second 

structural members 112, 114 can provide a perimeter of the 
bulbous portion 120 and the elongate base portion 116 having 
a predefined shape. For example, the first structural member 
112 can define a first axis 124 of an elliptical shape and the 
second structural member 114 can define a second axis 126 of 
the elliptical shape. In one embodiment, the length of the 
second axis 126 can be at least twenty percent (20%) greater 
than the length of the first axis 124. In an additional embodi 
ment, the length of the second axis 126 can be twenty percent 
(20%) to fifty percent (50%) greater than the length of the first 
axis 124. In a further embodiment, the length of the second 
axis 126 can be forty percent (40%) to forty-two percent 
(42%) greater than the length of the first axis 124. 

In an additional embodiment, the length of the second axis 
126 can be one (1) to four (4) millimeters greater than the 
length of the first axis 124. As will be more fully discussed 
herein, this allows for a gap of one-half (0.5) to two (2) 
millimeters to be maintained between a free edge of the valve 
leaflets 104 in their open configuration and the valve frame 
102. In one embodiment, the length of the gap between each 
leaflet 104 and the valve frame 102 can be, but is not neces 
sarily, equal. 

In an additional example, the perimeter of the bulbous 
portion 120 and the elongate base portion 116 can have a 
round shape. For example, the first axis 124 of the first struc 
ture member 112 and the second axis 126 of the second 
structural member 114 can be essentially of equal length 
along the bulbous portion 120. 

FIGS. 2A and 2B illustrate embodiments of the venous 
valve 200 according to the present disclosure. The embodi 
ments illustrated in FIGS. 2A and 2B are end views of the 
venous valve illustrated in FIG. 1A taken along lines 2A-2A/ 
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4 
2B-2B. As discussed herein, FIG. 2A illustrates the venous 
valve 200 where the first structural member 212 defining the 
first axis 224 and the second structural member 214 defining 
the second axis 226 provide an elliptical shape for the bulbous 
portion 220 of the valve frame 202. FIG. 2B illustrates the 
venous valve 200 where the first structural member 212 defin 
ing the first axis 224 and the second structural member 214 
defining the second axis 226 provide a round shape for the 
bulbous portion 220 of the valve frame 202. 

In addition, the first structural member 112 at each of the 
first end 108 and the second end 110 can include a first curve 
128 and a second curve 130 opposite the first curve 128. In 
one embodiment, the first structural member 112 forming the 
first and second curve 128, 130 can move radially as the valve 
100 radially collapses and expands. In the various embodi 
ments described herein, the first and second curve 128, 130 
can provide a spring force (e.g., elastic potential energy) to 
counter radial compression of the frame valve 102 towards its 
uncompressed State. As will be appreciated, the first and 
second curve 128, 130 can have a number of configurations, 
including turns defining angles and/or arcs (e.g., having a 
radius of curvature). Additional spring force can be imparted 
to the frame 102 from the compression of other portions of the 
valve frame 102 as well. 

In one embodiment, the first and second curve 128, 130 at 
each of the ends 108, 110 can lay opposite each other on a 
respective plane that is parallel to the other plane. In addition, 
the first and second curve 128, 130 of the first end 108 can be 
positioned radially orthogonal to the first and second curve 
128, 130 of the second end 110 of the base portion 116. As 
will be appreciated, the first and second curve 128, 130 at 
each of the ends 108, 110, however, need not either lay on 
planes that are parallel relative each other and/or be posi 
tioned radially orthogonal to each other. 
The compressible nature of the valve 100 can accommo 

date changes in body lumen size (e.g., diameter of the body 
lumen) by flexing to expand and/or contract to change the 
diameter of the valve frame 102. In one embodiment, the first 
and second curve 128, 130 in the first structural member 112 
can act as springs to allow the valve 100 to resiliently radially 
collapse and expand. The frame 102 can also provide suffi 
cient contact and expansion force with the Surface of a body 
lumen wall to encourage fixation of the valve 100 and to 
prevent retrograde flow within the body lumen around the 
edges of the frame 102 and the surface of a lumen when 
combined with a closed state of the valve leaflets attached 
thereto. Anchoring elements (e.g., barbs) can also be included 
with valve 100. 
As will be appreciated, the first and second curve 128, 130 

in the first structural member 112 can also include, but are not 
limited to, other shapes that allow for repeatable travel 
between the collapsed state and the expanded state. For 
example, the elastic regions can include integrated springs 
having a circular or an elliptical loop configuration. The 
embodiments are not, however, limited to these configura 
tions as other shapes are also possible. 
The first structural member 112 forming the first and sec 

ond curve 128, 130 can also include a radial flare 132 that 
curves away from a center longitudinal axis 134. As illus 
trated, the radial flare 132 provides for an increase in the 
peripheral frame dimension at the first end 108 and/or the 
second end 110 of the valve frame 102. In one embodiment, 
the first structural member 112 can be pre- and/or post-treated 
to impart the radial flare 132. For example, the first structural 
member 112 forming the first and second curve 128, 130 of 
the valve frame 102 could be bent to impart the radial flare 
132. The frame 102 could then be heat treated so as to fix the 
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radial flare 132 into the first structural member 112. Other 
material treatments (e.g., plastic deformation, forging, elastic 
deformation with heat setting) are also possible to impart the 
radial flare as described herein, many of which are material 
specific. 
The first structural member 112 and/or the second struc 

tural member 114 of the valve frame 102 can have similar 
and/or different cross-sectional geometries and/or cross-sec 
tional dimensions along their length. The similarity and/or the 
differences in the cross-sectional geometries and/or cross 
sectional dimensions can be based on one or more desired 
functions to be elicited from each portion of the frame 102. 
For example, the first structural member 112 and/or the sec 
ond structural member 114 can have a similar cross-sectional 
geometry along its length. Examples of cross-sectional 
geometries include, but are not limited to, round (e.g., circu 
lar, oval, and/or elliptical), rectangular geometries having 
perpendicular sides, one or more convex sides, or one or more 
concave sides; semi-circular, triangular, tubular, I-shaped; 
T-shaped; and trapezoidal. 

Alternatively, the cross-sectional dimensions of one or 
more geometries of the first structural member 112 and/or the 
second structural member 114 can change from one portion 
of the frame 102 to another portion of the frame 102. For 
example, portions of the first structural member 112 and/or 
the second structural member 114 can taper (i.e., transition) 
from a first geometric dimension to a second geometric 
dimension different than the first geometric dimension. These 
embodiments, however, are not limited to the present 
examples as other cross-sectional geometries and dimension 
are also possible. As such, the present disclosure should not 
be limited to the frames provided in the illustration herein. 

The valve frame 102 further includes a valve leaflet con 
nection location 136 along the first structural member 112 of 
the valve frame 102. In one embodiment, the valve leaflet 
connection location 136 includes portions of the first struc 
tural member 112 that can define the area 122, as well as 
surfaces of the first structural member 112 that define open 
ings through the frame 102. For example, the first structural 
member 112 can include Surfaces that define a first opening 
138 and a second opening 140 for the valve leaflet connection 
location 136. In one embodiment, the first and second open 
ings 138,140 are adjacent a region of the bulbous portion 120 
of the valve frame 102. The first and second openings 138, 
140 are also illustrated as being positioned opposite each 
other along a common axis 144. In the present illustration, the 
common axis 144 is along the first axis 124 of the shape (e.g., 
elliptical, round) formed by the first and second structural 
member 112, 114. 

In an additional embodiment, the valve leaflet connection 
location 136 further includes a predefined portion 146 along 
the first structural member 112 to which the valve leaflets 104 
can be attached. As illustrated, the predefined portion 146 
includes a portion of the first structural member 112 that 
extends between the first and second openings 138,140 in the 
region of the bulbous portion 120. In one embodiment, the 
valve leaflets 104 can be coupled to the valve frame 102 
through the first and second openings 138, 140 and the pre 
defined portion 146 of the first structural member 112. 

In addition to allowing the valve leaflets 104 to be coupled 
to the valve frame 102, the valve leaflet connection location 
140 can also include predetermined dimensional relation 
ships between portions of the valve leaflet connection loca 
tion 136. For example, predetermined dimensional relation 
ships can exist between the relative positions of the first and 
second openings 138, 140 and the predefined portion 146 of 
the first structural member 112. These dimensional relation 
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6 
ships can help to better position the valve leaflets 104 in 
relation to the bulbous portion 120 of the valve frame 102. 

For example, as illustrated the predefined portion 146 of 
the first structural member 112 extends away from the first 
and second opening 138,140 to define a distal point 148 from 
the first and second openings 138, 140. In one embodiment, 
the distance between the first and second openings 138, 140 
and a plane that is both orthogonal to the center longitudinal 
axis 134 and in contact with the distal point 148 is a prede 
termined length having a value of eighty-five percent (85%) 
of distance of the second axis 126. 

In one embodiment, the valve leaflets 104 include a first 
valve leaflet 150 and a second valve leaflet 152. As illustrated, 
the first and second valve leaflets 150, 152 are connected to 
the valve leaflet connection location 136. The first and second 
valve leaflet 150, 152 have surfaces that define a commissure 
154 that reversibly opens and closes for unidirectional flow of 
a liquid through the venous valve 100. As used herein, the 
commissure 154 includes portions of the valve leaflet 104 
surfaces that reversibly form a connection to allow fluid to 
flow through the valve 100 in essentially one direction. For 
example, the surfaces of the first and second valve leaflets 
150, 152 can move between a closed configuration in which 
fluid flow through the lumen 106 can be restricted and an open 
configuration in which fluid flow through the lumen 106 can 
be permitted. 

In addition, the first and second openings 138, 140 can be 
radially symmetric around the longitudinal central axis 134 of 
the valve frame 102. As illustrated, the first and second open 
ings 138, 140 can be positioned approximately one hundred 
eighty (180) degrees relative each other around the longitu 
dinal central axis 134 of the frame 102. As will be appreci 
ated, the first and second openings 138, 140 need not neces 
sarily display an equally spaced symmetrical relationship as 
described above in order to practice the embodiments of the 
present disclosure. For example, the radial relationship can 
have the first and second openings 138, 140 positioned at 
values greater than one hundred eighty (180) degrees and less 
than one hundred eighty (180) degrees relative each other 
around the longitudinal central axis 134 of the frame 102. 

In the present example, the first and second valve leaflet 
150, 152 can be coupled, as described more fully herein, to at 
least the valve leaflet connection location 136 and the pre 
defined portion 146 of the valve frame 102. As illustrated, the 
valve leaflets 104 include a region 156 of the valve leaflets 
104 that can move relative the valve frame 102. The region 
156 of the valve leaflets 104 can be unbound (i.e., unsup 
ported) by the frame 102 and extends between the first and 
second openings 138,140. This configuration permits the first 
and second valve leaflet 150, 152 to move (e.g., pivot) relative 
the first and second openings 138, 140 to allow the commis 
sure 154 to reversibly open and close for unidirectional flow 
of the liquid through the venous valve 100. 

In an additional embodiment, the valve leaflets 104 in their 
open configuration have a circumference that is less than the 
circumference of the valve frame 102. For example, as illus 
trated, the valve leaflets 104 in their open configuration 
include a gap 158 between a free edge 160 of the first and 
second valve leaflets 150, 152 and the bulbous portion 120 of 
the valve frame 102. As discussed herein, the length of the 
second axis 126 can be one (1) to four (4) millimeters greater 
than the length of the first axis 124. In one embodiment, this 
allows for the gap 158 between the free edge 160 of each valve 
leaflet 104 in their open position to be one-half (0.5) to two (2) 
millimeters from the bulbous portion 120 of the valve frame 
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102. In one embodiment, the length of the gap 158 between 
each leaflet 104 and the valve frame 102 can be, but is not 
necessarily, equal. 

In one embodiment, the first and second valve leaflets 150, 
152 and the bulbous portion 120 of the valve frame 102 
provide surfaces that define a sinus pocket 162. As illustrated, 
the sinus pocket 162 provides a dilated channel or receptacle 
as compared to the elongate base portion 116 of the venous 
valve 100. In one embodiment, the presence of the sinus 
pocket 162 better ensures that the valve leaflets 104 do not 
come into contact with a significant portion of the valve frame 
102 and/or the inner wall of the vessel in which the valve 100 
is implanted. For example, the sinus pocket 162 can help 
prevent adhesion between the valve leaflets 104 and the vessel 
wall due to the presence of a volume of blood there between. 

The sinus pocket 162 can also allows for improved valve 
leaflets 104 dynamics (e.g., opening and closing of the valve 
leaflets 104). For example, the sinus pocket 162 can allow for 
pressure differentials across the surfaces of the valve leaflets 
104 that provide for more rapid closing of the valve leaflets 
104 as the retrograde blood flow begins, as will be discussed 
herein. 

In one embodiment, the free edge 160 of the first and 
second valve leaflets 150, 152 is adjacent the commissure 
154. In one embodiment, the free edge 160 has a surface that 
defines a curve 164 between the first and second openings 
138,140. The curve 164 also has a bottom 166 relative the first 
and second openings 138, 140. The free edge 160 can have 
either a non-planar or a planar configuration. As illustrated, 
the free edge 160 of the first and second leaflets 150, 152 
define the bottom 166 of the curve 164 that is at least a 
predetermined distance away from the second structural 
member 114 so as to define the gap 158 between the first and 
second leaflet 150, 152 and the second structural member 
114. 

In one embodiment, whether the free edge 160 has a planar 
or non-planar configuration can depend on what material is 
selected for forming the valve leaflets 104. For example, 
when a stiffer material (e.g., PTFE) is used for the valve 
leaflets 104 the free edge 160 can have more of a concave 
shape than a planar or straight shape. In other words, as 
illustrated in FIG. 1A, the free edge 160 transitions from a 
first position adjacent the first and second openings 138,140 
to a second position lower than the first position as illustrated 
approximately midway between the first and second openings 
138, 140. So, the free edge 160 dips down to a low point 
approximately midway between and relative to the first and 
second openings 138, 140. In one embodiment, this shape 
allows the free edge 160 to form a catenary when the valve 
leaflets 104 are in their closed position, as illustrated in FIG. 
1A. In an alternative embodiment, when an elastic material is 
used for the valve leaflets 104 the free edge 160 has more of 
a straight or planar shape. In other words, the free edge 160 
maintains essentially the same relative position around the 
circumference of the valve leaflets 104. 

In addition, the dimensions and configuration of the valve 
leaflets 104 can further include proportional relationships to 
structures of the valve frame 102. For example, the first and 
second leaflets 150, 152 can each have a predetermined length 
between the distal point 148 and the bottom 166 of the curve 
164 that is at least fifty percent (50%) greater than a radius of 
the elongate base portion 116. In one embodiment, this 
dimensional relationship is taken when the valve leaflets 104 
are in their closed position. 

In addition to allowing the valve leaflets 104 to be coupled 
to the valve frame 102, the valve leaflet connection location 
136 can also include predetermined dimensional relation 
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ships between portions of the valve leaflet connection loca 
tion 136. For example, predetermined dimensional relation 
ships can exist between the relative positions of the first and 
second openings 138, 140 and the predefined portion 146 of 
the first structural member 112. These dimensional relation 
ships can help to better position the valve leaflets 104 in 
relation to the bulbous portion 120 of the valve frame 102. 

In an additional embodiment, a predetermined portion of 
the surfaces of the valve leaflets 150, 152 that contact to 
define the commissure 154 can extend parallel to the center 
longitudinal axis 134 of the venous valve 100 when the valve 
100 is in its closed configuration (FIG. 1A). For example, the 
predetermined portion of the surfaces of the valve leaflets 
150, 152 can include twenty percent (20%) of the predeter 
mined length of the valve leaflets 150, 152 between the distal 
point 148 and the bottom 166 of the curve 164. In other words, 
at least twenty percent (20%) of the length of the valve leaflet 
150, 152 surfaces contact to form the commissure 154. 
As will be appreciated, the free edge 160 when the valve 

leaflets 104 are in their open configuration can have a non 
round shape. For example, the free edge 160 can have an eye 
shape or an oval shape with the second axis extending 
between the first and second openings 138, 140. As will be 
appreciated, other shapes for the valve leaflets 104 in their 
open configuration are also possible, including around shape. 

In one embodiment, under antegrade fluid flow (i.e., posi 
tive fluid pressure) from the second end 110 towards the first 
end 108 of the valve 100, the valve leaflets 104 can expand 
toward the inner surface 170 of the bulbous portion 120 of the 
frame 102 to create an opening through which fluid is permit 
ted to move. In one example, the valve leaflets 104 each 
expand to define a semi-tubular structure having an oval 
cross-section when fluid opens the commissure 154. 
As discussed herein, in the open configuration the gap 158 

exists between the free edge 160 of the first and second valve 
leaflets 150, 152 and the bulbous portion 120 of the valve 
frame 102. In one embodiment, the size and shape of the valve 
leaflets 104 provides the gap 158 thereby preventing the valve 
leaflets 104 from touching the vein wall. 

In addition, the size and shape of the valve leaflets 104 
along with the gap 158 provides for more responsive opening 
and closing of the commissure 154 due to hydrodynamic 
relationships that are formed across the valve leaflets 104. For 
example, as the leaflets 104 are not in contact with the vessel 
wall and/or the bulbous portion 120 of the frame 102, the 
leaflets 104 can be more responsive to changes in the flow 
direction. The presence of the sinus pocket 162 allows slower 
moving fluid (e.g., blood) to move into the pocket and faster 
moving blood on the flow side of the leaflet 104 to create a 
pressure differential. This pressure differential across the 
valve leaflets 104 provides for the Bernoulli effect for which 
an increase in fluid flow velocity there occurs simultaneously 
a decrease in pressure. So, as fluid flow becomes retrograde 
the fluid velocity through the opening of the valve leaflets 104 
is larger than the fluid flow in the sinus pocket 162. As a result, 
there is a lower pressure in the opening of the valve leaflets 
104 that causes the opening to close more quickly as com 
pared to valves without the sinus pocket 162. 

In an additional embodiment, the configuration of the 
present embodiments allows the leaflets 104 to experience a 
low shear as compared to angled leaflets which are subject to 
high shear and direct impact with flowing blood. This can be 
attributed to the alignment of the valve leaflets 104 with the 
elongate base portion 116, and the adjacent vein segment, 
above and below the sinus pocket 162. The sinus pocket 162 
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also allows for recirculation of blood within the pocket 162 
that cleans out potential thrombus buildup in the bottom of the 
pocket 162. 

Valve 100 provides an embodiment in which the surfaces 
defining the commissure 154 provide a bi-leaflet configura 
tion (i.e., a bicuspid valve) for valve 100. Although the 
embodiments in FIGS. 1A and 1B illustrate and describe a 
bi-leaflet configuration for the valve of the present disclosure, 
designs employing a different number of valve leaflets (e.g., 
tri-leaflet valve) may be possible. For example, additional 
connection points (e.g., three or more) could be used to pro 
vide additional valve leaflets (e.g., a tri-leaflet valve). 
The embodiments of the frame described hereincan also be 

constructed of one or more of a number of materials and in a 
variety of configurations. The frame embodiments can have a 
unitary structure with an open frame configuration. The frame 
can also be self-expanding. Examples of self-expanding 
frames include those formed from temperature-sensitive 
memory alloy which changes shape at a designated tempera 
ture or temperature range. Such as Nitinol. Alternatively, the 
self-expanding frames can include those having a spring-bias. 
In addition, the valve frame 102 can have a configuration that 
allows the frame embodiments be radially expandable 
through the use of a balloon catheter. In this embodiment, the 
valve frame can be provided in separate pieces (e.g., two 
frame pieces) that are delivered individually to the implant 
site. 
The embodiments of the frame 102 can also be formed 

from one or more contiguous frame members. For example, 
the first and second structural member 112, 114 of the frame 
102 can be formed from a single contiguous member. The 
single contiguous member can be bent around an elongate 
tubular mandrel to form the frame. The free ends of the single 
contiguous member can then be welded, fused, crimped, or 
otherwise joined together to form the frame. In an additional 
embodiment, the first and second structural member 112,114 
of the frame 102 can be derived (e.g., laser cut, water cut) 
from a single tubular segment. In an alternative embodiment, 
methods of joining the first and second structural member 
112, 114 of the frame 102 to create the elastic region include, 
but are not limited to, welding, gluing, and fusing the frame 
member. The frame 102 can be heat set by a method as is 
typically known for the material which forms the frame 102. 

The valve frame 102 can be formed from a number of 
materials. For example, the frame can be formed from a 
biocompatible metal, metal alloy, polymeric material, or 
combination thereof. As described herein, the frame can be 
self-expanding or balloon expandable. In addition, the frame 
can be configured so as to have the ability to move radially 
between the collapsed State and the expanded State. Examples 
of suitable materials include, but are not limited to, medical 
grade stainless steel (e.g., 31.6L), titanium, tantalum, plati 
num alloys, niobium alloys, cobalt alloys, alginate, or com 
binations thereof. Additional frame embodiments may be 
formed from a shape-memory material. Such as shape 
memory plastics, polymers, and thermoplastic materials. 
Shaped memory alloys having Superelastic properties gener 
ally made from ratios of nickel and titanium, commonly 
known as Nitinol, are also possible materials. Other materials 
are also possible. 
The lumen 106 can include a number of sizes. For example, 

the size of the lumen can be determined based upon the type 
of body lumen and the body lumen size in which the valve is 
to be placed. In an additional example, there can also be a 
minimum value for the width for the frame that ensures that 
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10 
the frame will have an appropriate expansion force against the 
inner wall of the body lumen in which the valve is being 
placed. 
The valve 100 can further include one or more radiopaque 

markers (e.g., rivets, tabs, sleeves, welds). For example, one 
or more portions of the frame can be formed from a radio 
paque material. Radiopaque markers can be attached to, elec 
troplated, dipped and/or coated onto one or more locations 
along the frame. Examples of radiopaque material include, 
but are not limited to, gold, tantalum, and platinum. 
The position of the one or more radiopaque markers can be 

selected so as to provide information on the position, location 
and orientation (e.g., axial, directional, and/or clocking posi 
tion) of the valve during its implantation. For example, radio 
paque markers can be configured radially and longitudinally 
(e.g., around and along portions of the first structural member 
112) on predetermined portions of the valve frame 102 to 
allow the radial and axial position of the valve frame 102 to be 
determined. So in one embodiment a radiograph image of the 
valve frame 102 taken perpendicular to the valve leaflets 104 
in a first clock position can produce a first predetermined 
radiograph image (e.g., an imaging having the appearance of 
an inverted “Y”) and a radiographic image taken perpendicu 
lar to the first and second openings 138,140 in a second clock 
position can produce a second predetermined radiograph 
image (e.g., an imaging having the appearance of an upright 
“Y”) distinguishable from the first predetermined radiograph 
image. 

In one embodiment, the first and second predetermined 
radiograph images allow the radial position of the leaflets 104 
to be better identified within the vessel. This then allows a 
clocking position for the valve 100 to be determined so that 
the valve can be positioned in a more natural orientation 
relative the compressive forces the valve will experience in 
situ. In other words, determining the clocking of the valve as 
described herein allows the valve to be radially positioned in 
same orientation as native valve that its replacing and/or 
augmenting. 

In one embodiment, the material of the valve leaflets 104 
can be sufficiently thin and pliable so as to permit radially 
collapsing of the valve leaflets 104 for delivery by catheter to 
a location within a body lumen. The valve leaflets 104 can be 
constructed of a fluid-impermeable biocompatible material 
that can be either synthetic or biologic. Possible synthetic 
materials include, but are not limited to, expanded polytet 
rafluoroethylene (ePTFE), polytetrafluoroethylene (PTFE), 
polystyrene-polyisobutylene-polystyrene (SIBS), polyure 
thane, segmented poly(carbonate-urethane), Dacron, poly 
ethlylene (PE), polyethylene terephthalate (PET), silk, 
Rayon, Silicone, or the like. Possible biologic materials 
include, but are not limited to, autologous, allogeneic or 
Xenograft material. These include explanted veins and decel 
lularized basement membrane materials (Such as non 
crosslinked bladder membrane or amnionic membrane). Such 
as small intestine submucosa (SIS) or umbilical vein. As will 
be appreciated, blends or mixtures of two or more of the 
materials provided herein are possible. For example, SIBS 
can be blended with one or more basement membrane mate 
rials. 
As described herein, a number of methods exist for attach 

ing the valve leaflets 104 to the valve frame 102. For example, 
when positioned over the inter surface 114 of the frame 102. 
the valve leaflets 104 can be secured to the frame members 
118 through the use of biocompatible staples, glues, Sutures 
or combinations thereof. In an additional embodiment, the 
valve leaflets 104 can be coupled to the frame members 118 
through the use of heat sealing, solvent bonding, adhesive 
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bonding, or welding the valve leaflets 104 to either a portion 
of the valve leaflets 104 (i.e., itself) and/or the frame 102. 

With respect to coupling the valve leaflets 104 to the first 
and second openings 138, 140 and the other portions of the 
valve leaflet connection location 136, the valve leaflets 104 
can be passed from the inner surface 170 of the first structural 
member 112 and wrapped around at least a portion of the 
outer surface 118 adjacent the first and second openings 138, 
140. For example, securing the valve leaflets 104 at the first 
and second openings 138,140 can be accomplished by mak 
ing longitudinal cuts of a predetermined length into the valve 
leaflets 104 adjacent the first and second openings 138, 140. 
In one embodiment, each cut creates two flaps adjacent each 
of the first and second openings 138,140. The flaps can then 
pass through the frame adjacent the first and second openings 
138, 140 and each of the two resulting flaps can be wrapped 
from the inner surface 170 around the frame 102 to the outer 
surface 118. The valve leaflets 104 can then be coupled to 
itself and/or the frame 102, as described herein. In addition, 
Sutures can be passed through the first and second openings 
138, 140 and the valve leaflets 104 so as to secure the valve 
leaflets 104 to the frame 102. In one embodiment, providing 
the flaps as described allows for the valve leaflets 104 to 
create a more fluid tight commissure 154 in the area adjacent 
the first and second openings 138, 140. 

The valve leaflets 104 can have a variety of sizes and 
shapes. For example, each of the valve leaflets 104 can have a 
similar size and shape. Alternatively, each of the valve leaflets 
104 need not have a similar size and shape (i.e., the valve 
leaflets can have a different size and shape with respect to 
each other). 

In an additional embodiment, the valve leaflets 104 can 
include one or more Support structures, where the Support 
structures can be integrated into and/or onto the valve leaflets 
104. For example, the valve leaflets 104 can include one or 
more Support ribs having a predetermined shape. In one 
embodiment, the predetermined shape of the Support ribs can 
include a curved bias so as to provide the valve leaflets 104 
with a curved configuration. Support ribs can be constructed 
of a flexible material and have dimensions (e.g., thickness, 
width and length) and cross-sectional shape that allows the 
support ribs to be flexible when the valve leaflets 104 are 
urged into an open position, and stiff when the valve leaflets 
104 are urged into a closed position upon experiencing suffi 
cient back flow pressure from the direction downstream from 
the valve. In an additional embodiment, Support ribs can also 
be attached to frame 102 so as to impart a spring bias to the 
valve leaflets in either the open or the closed configuration. 
As described herein, the valve leaflets 104 can be located 

over at least the inner Surface 170 of the frame 102. FIGS 1A 
and 1B illustrate an embodiment of this configuration, where 
the material of the valve leaflets 104 extends over the inner 
surface 170 and the outer surface 118 of the first structural 
member 112 in the valve leaflet connection location 136, as 
described herein. Numerous techniques may be employed to 
laminate or bond the material of the valve leaflets 104 on the 
outer surface 118 and/or the inner surface 170 of the frame 
102, including heat setting, adhesive welding, application of 
uniform force and other bonding techniques. The material of 
the valve leaflets 104 can also be joined to itself and/or the 
first structural member 112 according to the methods 
described in U.S. Patent Application Publication US 2002/ 
0.178570 to Sogard et al., which is hereby incorporated by 
reference in its entirety. 
The material can also be coupled to the valve leaflet con 

nection location 136 of the first structural member 112 so as 
to form the valve leaflets 104, as described herein. In one 
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embodiment, the material for the valve leaflets 104 can be in 
the form of a sheet or a sleeve of material, as described herein, 
which can be connected to the frame 102. Alternatively, the 
material for the valve leaflets 104 can initially be in the form 
of a liquid that can be used to cast and/or form the valve 
leaflets 104 over the frame 102. Other forms, including inter 
mediate forms, of the valve leaflets 104 are also possible. 
The material of the valve leaflets 104 can be coupled to the 

valve leaflet connection location 136 of the first structural 
member 112, including the first and second openings 138, 
140, in a variety of ways so as to provide the various embodi 
ments of the valve of the present disclosure. For example, a 
variety of fasteners can be used to couple the material of the 
valve leaflets 104 to the frame 102 So as to form the valve 100. 
Suitable fasteners can include, but are not limited to, biocom 
patible staples, glues, Sutures or combinations thereof. In an 
additional embodiment, the material of the valve leaflets 104 
can be coupled to the frame 102 through the use of heat 
sealing, solvent bonding, adhesive bonding, or welding the 
material of the valve leaflets 104 to either a portion of the 
valve leaflets 104 (i.e., itself) and/or the frame 102. 
The valve leaflets 104 may also be treated and/or coated 

with any number of surface or material treatments. For 
example, the valve leaflets 104 can be treated with one or 
more biologically active compounds and/or materials that 
may promote and/or inhibit endothelization and/or smooth 
muscle cell growth of the valve leaflets 104. Similarly, the 
valve leaflets 104 may be seeded and covered with cultured 
tissue cells (e.g., endothelial cells) derived from a either a 
donor or the host patient which are attached to the valve 
leaflets 104. The cultured tissue cells may be initially posi 
tioned to extendeither partially or fully over the valve leaflets 
104. 

Valve leaflets 104 can also be capable of inhibiting throm 
bus formation. Additionally, valve leaflets 104 may either 
prevent or facilitate tissue ingrowth there through, as the 
particular application for the valve 100 may dictate. For 
example, valve leaflets 104 on the outer surface 112 may be 
formed from a porous material to facilitate tissue ingrowth 
there through, while valve leaflets 104 on the inner surface 
114 may be formed from a material or a treated material 
which inhibits tissue ingrowth. 

FIGS. 3A through 3E provide illustrations of different 
configurations of the valve frame 302 that have been cut to 
provide them in a planar view. As illustrated, the valve frame 
302 includes the first and second structural members 312,314 
that form the elongate base portion 316 and the bulbous 
portion 320, respectively. In one embodiment, the first and 
second structural members 312, 314 of the elongate base 
portion 316 and the bulbous portion 320 can include a series 
of interconnected members. These interconnected members, 
in one embodiment, can act as spring members to help retain 
the expanded shape of the valve frame 302. In one embodi 
ment, the interconnection of these members allows for the 
spring force of aligned springs integrated into the frame 302 
to be added in series so as to increase the spring force poten 
tial of the frame 302. 
As illustrated, the first and second structural members 312, 

314 can have a number of different configurations that pro 
vide the elongate base portion 316 and the bulbous portion 
320. As will be appreciated, other configurations are possible 
that provide the bulbous portion 320 and/or the elongate base 
portion 316. In addition, the bulbous portion320 of the valve 
frame 302 can have a number of different configurations so as 
to provide the sinus pocket, as discussed herein. For example, 
the bulbous portion 320 can have one or more of a spherical, 
semi-spherical, oviod, semi-oviod, conical, semi-conical, 
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torus, semi-torus, cylindrical, and semi-cylindrical. In addi 
tion, each of two or more of the sinus pockets of the valve 
frame 302 can have different shapes as discussed herein. In 
other words, the need not have the same shape as the other 
sinus pocket of the valve frame 302. 

In addition, the first and second structural members 312, 
314 can each have two or more cross-sectional shapes and/or 
two or more different dimensions (e.g., a greater width and 
depth of the first and second structural members 312,314 for 
the portions of the elongate base portion 316 and/or the bul 
bous portion 320 as compared to the remainder of the elon 
gate base and/or bulbous portion 316, 320. 
As illustrated, the valve frame 302 can include the valve 

leaflet connection region 336 for coupling the valve leaflets. 
As discussed herein, the valve leaflet connection region 336 
can include the first and second opening 338, 340 and the 
predetermined portion 346 of the first structural member 312. 

FIG. 4 illustrates one embodiment of a system 480. System 
480 includes valve 400, as described herein, reversibly joined 
to catheter 482. The catheter 482 includes an elongate body 
484 having a proximal end 486 and a distal end 488, where 
valve 400 can be located between the proximal end 486 and 
distal end 488. The catheter 482 can further include a lumen 
490 longitudinally extending to the distal end 488. In one 
embodiment, lumen 490 extends between proximal end 486 
and distal end 488 of catheter 482. The catheter 482 can 
further include a guidewire lumen 492 that extends within the 
elongate body 484, where the guidewire lumen 492 can 
receive a guidewire for positioning the catheter 482 and the 
valve 400 within a body lumen (e.g., a vein of a patient). 
The system 480 can further include a deployment shaft 494 

positioned within lumen 490, and a sheath 496 positioned 
adjacent the distal end 488. In one embodiment, the valve 400 
can be positioned at least partially within the sheath 496 and 
adjacent the deployment shaft 494. For example, the valve 
400 can be fully or partially sheathed with the sheath 496. The 
deployment shaft 494 can be moved within the lumen 490 to 
deploy valve 400. For example, deployment shaft 494 can be 
used to push valve 400 from sheath 496 in deploying valve 
400. 

FIG. 5 illustrates an additional embodiment of the system 
580. The catheter 582 includes elongate body 584, lumen 
590, a retraction system 598 and a retractable sheath 596. The 
retractable sheath 596 can be positioned over at least a portion 
of the elongate body 584, where the retractable sheath 596 
can move longitudinally along the elongate body 584. The 
valve 500 can be positioned at least partially within the 
retractable sheath 596, where the retractable sheath 596 
moves along the elongate body 596 to deploy the valve 500. 
For example, the valve 500 can be fully or partially sheathed 
with the sheath 596. 

In one embodiment, retraction system 598 includes one or 
more wires 501 coupled to the retractable sheath 596, where 
the wires are positioned at least partially within and extend 
through lumen 590 in the elongate body 584. Wires of the 
retraction system 598 can then be used to retract the retract 
able sheath 596 in deploying valve 500. In one embodiment, 
a portion of the elongate body 584 that defines the guidewire 
lumen 592 extends through the lumen 506 of the valve 500 to 
protect the valve 500 from the movement of the guidewire 
509. 

FIGS. 6A-6C illustrate an additional embodiment of the 
system 680. The system 680 includes a tubular sheath 611 
having an elongate body 613 and a lumen 615. The system 
680 further includes a delivery shaft 617 positioned within the 
lumen 615 of the tubular sheath 611. In one embodiment, the 
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tubular sheath 611 and the delivery shaft 617 can move lon 
gitudinally relative each other. 

In one embodiment, the system 680 includes a flexible 
cover 619 between the tubular sheath 611 and the delivery 
shaft 617. In one embodiment, the flexible cover 619 is con 
nected to the tubular sheath 611 and the delivery shaft 617 at 
a fluid tight seal 621 so as to prevent the transmission of 
friction from the elongate body 613 to device 600 while the 
elongate body 613 is retracted during the deployment cycle. 
In one embodiment, this can be accomplished by creating 
intentional friction surfaces between the elongate body 613 
and flexible cover 619 as is demonstrated in FIG. 6A or two 
layers of the flexible cover 619 as is demonstrated in FIG. 6B. 

In one embodiment, the tubular sheath 611, the delivery 
shaft 617 and the flexible cover 619 can each beformed from 
a number of different materials. For the tubular sheath 
examples include, but are not limited to materials selected 
from one or more of ePTFE, PTFE, PE, PET, silicone, and 
polyurethanes. For the delivery shaft 617 examples include, 
but are not limited to, those selected from a metal, a metal 
alloy, and/or a polymer. Examples include, but are not limited 
one or more of ePTFE, PTFE, PE, nylons, PET, silicone, 
polyurethanes, and stainless steel (e.g., 31.6L). 

In addition, the delivery shaft 617 can also include a con 
figuration that imparts Sufficient column rigidity to allow it to 
be pushed and/or pulled through the lumen 615. For example, 
the delivery shaft 617 can be formed with reinforcing mem 
bers bound within the body of the delivery shaft 617 (e.g., an 
elongate braid of stainless steel co-extruded with a polymer). 
For the flexible cover 619 examples include, but are not 
limited to, materials selected from one or more of ePTFE, 
PTFE, PE, PET, nylons, and polyurethanes. As will be appre 
ciated, other materials and configurations for forming the 
tubular sheath 611, the delivery shaft 617 and the flexible 
cover 619 are also possible. 
As illustrated in FIGS. 6A-6C, the valve 600 can be posi 

tioned over the delivery shaft 615 adjacent a distal end 623 of 
the delivery shaft 617. In addition, the valve 600 can be held 
in the same relative location 625 as it is being deployed. As 
illustrated in FIG. 6A, the valve 600, a portion of the flexible 
cover 619 and the delivery shaft 617 can be positioned within 
the lumen 615 of the tubular sheath 611. In one embodiment, 
the configuration illustrated in FIG. 6A allows the valve 600 
to be delivered in its compressed state to a predetermined 
location in the lumen of the body. Once at the predetermined 
location, the sheath 611 can then be moved relative the deliv 
ery shaft 617. FIG. 6B illustrates a situation where the sheath 
611 has been pulled over the valve 600 location 625 and at 
least partially over the delivery shaft 617. 
As illustrated, the flexible cover 619 has a tubular configu 

ration that folds back inside of itself (i.e., its lumen) as the 
tubular sheath 611 is drawn over the valve 600 and the deliv 
ery shaft 617. In one embodiment, the lumen 615 of the sheath 
611 can contain a lubricating fluid (e.g., saline) to allow the 
flexible cover 619 to more easily pass over itself as illustrated. 
As the tubular sheath 611 continues to be pulled back relative 
the delivery shaft 617 until the valve 600 is released, as 
illustrated in FIG. 6C. In one embodiment, the valve 600 can 
include a self-expanding frame that allows the valve 600 to 
deploy at location 625 once released. 

FIGS. 7A-7C illustrate an additional embodiment of the 
system 780. The system 780 includes a tubular sheath 711 
having an elongate body 713 and a lumen 715. The system 
780 further includes a delivery shaft 717 positioned within the 
lumen 715 of the tubular sheath 711. In one embodiment, the 
tubular sheath 711 and the delivery shaft 717 can move lon 
gitudinally relative each other. In contrast to the system illus 
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trated in FIG. 6A-6C, however, the system 780 does not 
include the flexible cover. As a result, the illustrated embodi 
ment of system 780 allows for an increase in the size of the 
inner diameter of the elongate body 713 to be used by the 
delivery shaft and/or the valve 700 as compared to the elon- 5 
gate body that includes the flexible cover. 

In one embodiment, the tubular sheath 711 and the delivery 
shaft 717 can each be formed from materials and have con 
figurations as discussed herein for FIG. 6A-6C. As illustrated 
in FIGS. 7A-7C, the valve 700 can be positioned over the 10 
delivery shaft 715 adjacent a distal end 723 of the delivery 
shaft 717. In addition, the valve 700 can be held in the same 
relative location 725 as it is being deployed. As illustrated in 
FIG. 7A, the valve 700 and the delivery shaft 717 can be 
positioned within the lumen 715 of the tubular sheath 711. In 15 
one embodiment, the configuration illustrated in FIG. 7A 
allows the valve 700 to be delivered in its compressed state to 
a predetermined location in the lumen of the body. Once at the 
predetermined location, the sheath 711 can then be moved 
relative the delivery shaft 717. FIG. 7B illustrates a situation 20 
where the sheath 711 has been pulled at least partially over the 
valve 700 at location 725 and at least partially over the deliv 
ery shaft 717. As the tubular sheath 711 continues to be pulled 
back relative the delivery shaft 717 the valve 700 is released, 
as illustrated in FIG. 7C. In one embodiment, the valve 700 25 
can include a self-expanding frame that allows the valve 700 
to deploy at location 725 once released. 

The embodiments of the present disclosure further include 
methods for forming the valve of the present disclosure, as 
described herein. For example, the valve frame can beformed 30 
in a number of different ways. In one embodiment, the valve 
frame can beformed by cutting a tube of materialso as to form 
the first structural member into the elongate base portion 
and/or the second structural member into the bulbous portion 
of the valve frame. Examples of techniques for cutting 35 
include laser cutting and/or water jet cutting. Other cutting 
techniques are also possible. When the first structural mem 
ber and the second structural member are formed separately, 
the two portions can be joined by a welding technique, Such as 
laser welding. Other welding or bonding techniques are also 40 
possible. 

Forming the second structural member into the bulbous 
portion that radially and longitudinally extends from the first 
structural member can be accomplished through a variety of 
techniques. For example, the tube of material that is cut to 45 
form the first and second structural members can either be 
formed with or have a bulbous portion bent into the tube of 
material. In other words, the tube has the bulbous portion 
before cutting out the first and second structural members. 

Alternatively, the first and second structural members can 50 
be cut from the tube. The bulbous portion can then be bent 
into the second structural members of the valve frame to form 
the bulbous portion. As discussed herein, forming the bulbous 
portion can include shaping the first structural member and 
the second structural member into a predetermined shape, 55 
such as elliptical or round. Other shapes for the bulbous 
portion are also possible. 
The valve frame can then be positioned over a mandrel 

having Surfaces that Support the elongate base portion and the 
bulbous portion of the valve frame. Once positioned, the 60 
valve frame can then be processed according to the material 
type used for the frame. For example, the valve frame can be 
heated on the mandrel to set the shape of the valve frame 
according to techniques as are known. 
The method also includes providing the material in pre- 65 

defined shapes for the valve leaflets. The valve leaflet material 
is applied and coupled to the valve leaflet connection location 
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of the valve frame, as discussed herein, to provide at least the 
first leaflet and the second leaflet of the valve having surfaces 
defining the reversibly sealable opening for unidirectional 
flow of a liquid through the valve. In one embodiment, the 
opening defined by the valve leaflets can be configured, as 
discussed herein, to create a Bernoulli Effect across the valve 
leaflets. 

In one embodiment, coupling the material of the valve 
leaflets to the venous valve frame includes locating the free 
edge of the valve leaflets adjacent the bulbous portion to 
provide both the gap and the sinus pocket between the bul 
bous portion in the venous valve frame and the valve leaflets. 
As discussed herein, coupling the material of the valve leaf 
lets to the venous valve frame can include configuring the 
valve leaflets such that at least the gap between the free edge 
of the valve leaflets and the bulbous portion in the venous 
valve frame is maintained as the valve leaflets cycles between 
their opened and closed position. 

In an additional example, the valve can be reversibly joined 
to the catheter, which can include a process of altering the 
shape of the valve from a first shape, for example an expanded 
state, to the compressed State, as described herein. For 
example, the valve can be reversibly joined with the catheter 
by positioning valve in the compressed State at least partially 
within the sheath of the catheter. In one embodiment, posi 
tioning the valve at least partially within the sheath of the 
catheter includes positioning the valve in the compressed 
state adjacent the deployment shaft of the catheter. In an 
another embodiment, the sheath of the catheter functions as a 
retractable sheath, where the valve in the compressed state 
can be reversibly joined with the catheter by positioning the 
valve at least partially within the reversible sheath of the 
catheter. In a further embodiment, the catheter can include an 
inflatable balloon, where the balloon can be positioned at 
least partially within the lumen of the valve, for example, in 
its compressed State. 
The embodiments of the valve described herein may be 

used to replace, Supplement, or augment valve structures 
within one or more lumens of the body. For example, embodi 
ments of the present disclosure may be used to replace an 
incompetent venous valve and help to decrease backflow of 
blood in the venous system of the legs. 

In one embodiment, the method of replacing, Supplement 
ing, and/or augmenting a valve structure can include position 
ing at least part of the catheter including the valve at a prede 
termined location within the lumen of a body. For example, 
the predetermined location can include a position within a 
body lumen of a venous system of a patient, such as a vein of 
a leg. 

In one embodiment, positioning the catheter that includes 
the valve within the body lumen of a venous system includes 
introducing the catheter into the venous system of the patient 
using minimally invasive percutaneous, transluminal catheter 
based delivery system, as is known in the art. For example, a 
guidewire can be positioned within a body lumen of a patient 
that includes the predetermined location. The catheter, 
including valve, as described herein, can be positioned over 
the guidewire and the catheter advanced so as to position the 
valve at or adjacent the predetermined location. 
As described herein, the position of the one or more radio 

paque markers can be selected so as to provide information on 
the position, location and orientation (e.g., axial, directional, 
and/or clocking position) of the valve during its implantation. 
For example, radiopaque markers can be configured radially 
and longitudinally on predetermined portions of the valve 
frame and/or the elongate body of the catheter to indicate not 
only a longitudinal position, but also a radial position of the 
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valve leaflets and the valve frame (referred to as a clock 
position). In one embodiment, the radiopaque markers are 
configures to provide radiographic images that indicate the 
relative radial position of the valve and valve leaflets on the 
catheter. 

FIGS. 8A-8C provide an illustration of the radiopaque 
markers 827 associated with the elongate body 884 of the 
catheter 882. As illustrated, the radiopaque markers 827 
include a radial component 829 and alongitudinal component 
831. Depending upon the radial position of the catheter 882, 
the radiopaque markers 827 can provide a different and dis 
tinguishable radiographic image. For example, in a first posi 
tion 833 illustrated in FIG. 8A the longitudinal component 
831 of the radiopaque markers 827 are aligned so as to over 
lap. As the catheter 882 is rotated, as illustrated in FIGS. 8B 
and 8C, the radiographic image of the radial component 829 
and/or longitudinal component 831 of the radiopaque mark 
ers 827 changes. 
The change in the relationship of the radial and longitudi 

nal components 829, 831 as the catheter 882 is rotated allows 
for the relative position of the valve 800, valve frame and 
valve leaflets to be determined from the radiographic image. 
For example, the relative position of the first and second 
leaflet connection regions 826, 828 could be aligned with 
longitudinal component 831 of the radiopaque markers 827. 
This would allow the clock position for the valve 800 to be 
determined so that the valve can be positioned in a more 
natural orientation relative the compressive forces the valve 
will experience in situ. In other words, the allowing for clock 
ing of the valve 800 as described herein allows the valve to be 
radially positioned in same orientation as native valve that it’s 
replacing and/or augmenting. 
As will be appreciated, other relative relationships between 

the radiopaque markers 827 and the position of the valve 800 
on the catheter 882 are possible. So, embodiments of the 
present disclosure should not be limited to the present 
example. For example, additional radiopaque markers 827 on 
the valve 800 could be used either alone or in combination 
with radiopaque markers 827 on the catheter 882 to help in 
positioning the valve 800 within a lumen. 
The valve can be deployed from the catheter at the prede 

termined location in a number of ways, as described herein. In 
one embodiment, valve of the present disclosure can be 
deployed and placed in a number of vascular locations. For 
example, valve can be deployed and placed within a major 
vein of a patient’s leg. In one embodiment, major veins 
include, but are not limited to, those of the peripheral venous 
system. Examples of veins in the peripheral venous system 
include, but are not limited to, the superficial veins such as the 
short Saphenous vein and the greater Saphenous vein, and the 
veins of the deep venous system, Such as the popliteal vein 
and the femoral vein. 
As described herein, the valve can be deployed from the 

catheter in a number of ways. For example, the catheter can 
include the retractable sheath in which valve can be at least 
partially housed, as described herein. Valve can be deployed 
by retracting the retractable sheath of the catheter, where the 
valve self-expands to be positioned at the predetermined loca 
tion. In an additional example, the catheter can include a 
deployment shaft and sheath in which valve can be at least 
partially housed adjacent the deployment shaft, as described 
herein. Valve can be deployed by moving the deployment 
shaft through the catheter to deploy valve from the sheath, 
where the valve self-expands to be positioned at the predeter 
mined location. In an additional embodiment, the valve can 
be deployed through the use of an inflatable balloon. 
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Once implanted, the valve can provide sufficient contact 

and expansion force against the body lumen wall to prevent 
retrograde flow between the valve and the body lumen wall. 
For example, the valve can be selected to have a larger expan 
sion diameter than the diameter of the inner wall of the body 
lumen. This can then allow valve to exerta force on the body 
lumen wall and accommodate changes in the body lumen 
diameter, while maintaining the proper placement of valve. 
As described herein, the valve can engage the lumen so as to 
reduce the volume of retrograde flow through and around 
valve. It is, however, understood that some leaking or fluid 
flow may occur between the valve and the body lumen and/or 
through valve leaflets. 

In addition, the use of both the bulbous portion and/or 
elongate base portion of the valve can provide a self centering 
aspect to valve within a body lumen. In one embodiment, the 
self centering aspect resulting from the bulbous portion and/ 
or elongate base portion of the valve may allow valve to 
maintain a Substantially coaxial alignment with the body 
lumen (e.g., such as a vein) as valve leaflets deflect between 
the open and closed configurations so as to better seal the 
reversible opening when valve is closed. 

While the present disclosure has been shown and described 
in detail above, it will be clear to the person skilled in the art 
that changes and modifications may be made without depart 
ing from the scope of the disclosure. As such, that which is set 
forth in the foregoing description and accompanying draw 
ings is offered by way of illustration only and not as a limi 
tation. The actual scope of the disclosure is intended to be 
defined by the following claims, along with the full range of 
equivalents to which Such claims are entitled. 

In addition, one of ordinary skill in the art will appreciate 
upon reading and understanding this disclosure that other 
variations for the disclosure described herein can be included 
within the scope of the present disclosure. For example, the 
frame 102 and/or the valve leaflets 104 can be coated with a 
non-thrombogenic biocompatible material, as are known or 
will be known. 

In the foregoing Detailed Description, various features are 
grouped together in several embodiments for the purpose of 
streamlining the disclosure. This method of disclosure is not 
to be interpreted as reflecting an intention that the embodi 
ments of the disclosure require more features than are 
expressly recited in each claim. Rather, as the following 
claims reflect, inventive subject matter lies in less than all 
features of a single disclosed embodiment. Thus, the follow 
ing claims are hereby incorporated into the Detailed Descrip 
tion, with each claim standing on its own as a separate 
embodiment. 
What is claimed is: 
1. A valve comprising: 
a first structural member that defines an elongate base 

portion having a first end, a second end, and an outer 
Surface concentrically arranged relative a longitudinal 
axis, wherein the outer surface provides at least two 
points of a perimeter of a first elliptical plane orthogonal 
to and passing through the longitudinal axis, and 
wherein the first structural member at each of the first 
end and the second end includes a first curve and a 
second curve opposite the first curve with the first curve 
and the second curve of the first end positioned radially 
orthogonal to the first curve and the second curve of the 
second end of the base portion; 

a second structural member that extends between the first 
end and the second end of the elongate base portion to 
define a bulbous portion, wherein the outer surface of the 
elongate base portion and the second structural member 
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provide at least four points of a perimeter of a plane 
orthogonal to the longitudinal axis, wherein the plane 
has an area that is greater than the area of the first 
elliptical plane; 

a valve leaflet connection location along the first structural 
member of the venous valve frame; and 

at least two valve leaflets, each leaflet connected to the 
valve leaflet connection location. 

2. The valve of claim 1, wherein the perimeter of the plane 
for the bulbous portion-defines an elliptical shape. 

3. The valve of claim 2, wherein the first structural member 
defines a first axis of the elliptical shape and the second 
structural member defines a second axis of the elliptical shape 
that is twenty percent (20%) to fifty percent (50%) greater 
than the first axis. 

4. The valve of claim 2, wherein the first structural member 
defines a first axis of the elliptical shape and the second 
structural member defines a secondaxis of the elliptical shape 
that is one (1) to four(4) millimeters greater than the length of 
the first axis. 

5. The valve of claim 1, wherein the perimeter of the plane 
for the bulbous portion defines a round shape. 

6. The valve of claim 1, wherein the first curve and the 
Second curve flare away from a center longitudinal axis. 

7. The valve of claim 1, wherein the first structural member 
includes surfaces defining a first opening and a second open 
ing for the valve leaflet connection location, wherein the first 
and second openings are adjacent a region of the bulbous 
portion of the valve frame and positioned opposite each other 
along a common axis. 

8. The valve of claim 1, wherein the first elliptical plane is 
a circular plane. 

9. The valve of claim 1, wherein the at least two valve 
leaflets and the bulbous portion define a sinus pocket. 
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10. A system comprising: 
a delivery catheter defining a lumen; 
a valve joined to the delivery catheter, the valve compris 

1ng: 
a first structural member that defines an elongate base 

portion having a first end, a second end, and an outer 
surface concentrically arranged relative a longitudi 
nal axis, wherein the outer surface provides at least 
two points of a perimeter of a first elliptical plane 
orthogonal to and passing through the longitudinal 
axis, and wherein the first structural member at each 
of the first end and the second end includes a first 
curve and a second curve opposite the first curve with 
the first curve and the second curve of the first end 
positioned radially orthogonal to the first curve and 
the second curve of the second end of the base portion: 

a second structural member that extends between the 
first end and the second end of the elongate base 
portion to define a bulbous portion, wherein the outer 
surface of the elongate base portion and the second 
structural member provide at least four points of a 
perimeter of a plane orthogonal to the longitudinal 
axis, wherein the plane has an area that is greater than 
the area of the first elliptical plane; 

a valve leaflet connection location along the first struc 
tural member of the venous valve frame; and 

at least two valve leaflets, each leaflet connected to the 
valve leaflet connection location; 

a deployment shaft disposed within the lumen of the cath 
eter; and 

a sheath positioned at a distal end of the catheter, the valve 
configured to be at least partially positioned within the 
sheath. 


